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© Process for tht preparation of hydrocarbons. 

© Process for the preparation of hydrocarbons by contact- 
ing a feed comprising hydrogen, carbon monoxide and 
steam, the quantity of steam being 10-40%v, calculated on 
the H 2 /CO/H 2 0 mixture, at elevated temperature and press- 
ure with a silica supported catalyst comprising 10-40 pbw 
cobalt and 0.1-150 pbw zirconium, titanium or chromium per 
100 pbw silica which catalyst has been prepared by impre- 
gnation and/or kneading. 
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K 5666 

PKXSSS FOR THE PHEP^R?OTO^ OF 

Bie invention relates to a process for the preparation of 
hydrocarbons by catalytic reaction of carbon monooride with 
hydrogen,, 

SSie preparation of hydrocarbons from a H^/OO mixture by 

5 contacting this mixture at elevated temperature and pressure with 
a catalyst is kno&m in the literature as Fischer-Ottopsch 
hydrocarbon synthesis o Catalysts often used for this purpose 
contain iron or cobalt together with one or more promoters and/or 
a carrier material o The conventional tedmiques of preparing 

10 Fischer-JTrcpsch catalysts are the precipitation route, the melting 
route and the impregnation route* Of these techniques the • 
impregnation route is naach to be preferred since this route is not 
so costly and/or time consigning, produces better reproducible 
results and generally yields materials with better catalytic 

15 prop erties o Briefly, the impregnation route involves contacting a 
porous carrier in the presence of a liquid once or several times 
with an iron or cobalt compound and, if desired, with one or more 
compounds of the appropriate promoters, followed by removal of the 
liquid and calcination and reduction of the oonposition obtained,, 

20 The preparation of catalysts which, in addition to iron or cobalt, 
contain one or more promoters may be carried out both by oo- 
impregnation and by separate impregnation. In the case of oo- 
inpregnation the porous carrier is contacted once or several times 
with both an iron or cobalt cxanpound and one or more expounds of 

25 the relevant promoters 0 In the case of separate impregnation the 
porous carrier is first contacted with an iron or cobalt compound 
or with one or mare cxxcpounds of the relevant pr o moters and, after 
calcination of the composition thus obtained, the latter is 
contacted with one or more oarrpounds of the relevant promoters or 

30 with an iron or cobalt compound, respectively, followed by 
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calcination and reduction of the composition*, For preparing 
Fischer-Trcpsch catalysts comprising cobalt supported an a carrier 
an attractive method was recently found which can be carried out 
in a siirple manner and yields catalysts of very good properties., 

5 In this method the deposition of the ccbalt on the carrier is 
carried out by kneading instead of impregnation,, Th& catalyst 
preparation by kneading is similar to the preparation by 
impregnation carried out by contacting a porous carrier with one 
or more compounds of the catalytically active metals in the 

10 presence of a liquid, followed by the removal of the liquid and 
calcination of the composition, but before and/or during the 
removal of the liquid the conpositicn is subjected to an intensive 
mechanical treatsnent such, as pressing, squeezing or wringing, 
which generally has as a result that a substantial, decrease of the 

15 particle size of the carrier material occurs and that .the 

coctposition takes an the consistency of a paste 0 Generally several 
hours 0 kneading in a suitable kneading machine is sufficient to 
achieve the desired homogeneous dispersion of the components over 
the mixture* The intensive mechanical treatment in which a 

20 substantial decrease of the particle size of the carrier material 
occurs, forms the principle difference between the kneading route 
and the impregnation route 0 It is true that in the preparation of 
a catalyst by impregnation a stage may be passed in which the 
canposition contains an amount of liquid corresponding to that 

25 present in the above-mentioned paste and that - e 0 g« by stirring - 
some mechanical energy may be supplied to the ccnposition, but as 
a rule the particle size of the carrier material retains substan- 
tially unchanged in the catalyst preparation by iirpregnaticaio 
Hereinafter, whenever mention is made of the preparation of 

30 catalysts by kneading, this should be taken to be the above- 
described preparation route in which at least the cobalt has been 
deposited on the carrier by kneading 0 Any promoters present on the 
carrier may also have been deposited on the carrier by kneading or 
impregnation « 
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The composition of the product obtained in the Fischer- 
Tropsch hydrocarbon synthesis by using catalysts prepared by 
impregnation and/or kneading is largely dependent on the 
catalytically active metal which is present on the catalyst <, The 

5 use of a cobalt catalyst prepared by impregnation and/or kneading 
results in a product ^lich consists mainly of unbranchad 
paraffins. The use of an iron catalyst prepared by impregnation 
results in a product ^hich contains a considerably quantity of 
olefins and CKygen-containing organic canfomdSo With a view to 

10 the contposition of the product obtained, for the preparation of 
products suitable for use as motor fuels, preference Is given to 
the use of a cobalt catalyst- Especially catalysts sahich, in 
addition to cobalt, contain silica and in which the quantity of 
cobalt is 10-40 pbw per 100 pbw silica, are very suitable for the 

15 present purpose o 

An important parameter in the preparation of hydrocarbons 

from Hj/CO mixtures is the Gj* selectivity of the catalyst 

usedo According as this Cj + selectivity is higher, a larger 

percentage of the hydrocarbon mixture obtained will consist of 
+ 

20 valuable hydrocarbons and consequently a smaller 

percentage will consist of hydrocarbons as byproducts*, 
Although the afore-mentioned catalysts containing 10-40 pbw cobalt 
per 100 pbw sil i ca do already have a selectivity of about 
80 %, the need is nevertheless felt to boost the selectivity of 

25 these catalysts and so to reduce the f conation of undesirable 
by-products o 

An investigation carried out into this subject revealed that 
the selectivity of catalysts cxxitaining 10-40 pbw cobalt 
per 100 pbw siliqa can be considerably enhanced by losing a feed 
30 **hich contains steam, provided that the following conditions are 
xnets 

a) the catalyst roust contain 0 o 1-150 pbw of a. promoter chosen 
from the group formal by zirconium, titanitsa or chrcmiisa per 
100 pbw silica, 
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b) the cobalt and the promoter must have been deposited on the 
silica by impregnation and/or kneading, and 

c) the quantity of steam present in the feed must be 10-40 %v, 
calculated on the K^/CD/Kp mixture. 
The following may be remarked on points a)-c) „ 
Experiments using non-promoted Co/Si£> 2 catalysts prepared 

by kneading have shown that the presence of steam in the feed has 
no effect on the C 3 + selectivity of the catalysts. Experiments 
using Co/Zr/Si0 2 catalysts substantially prepared by 
precipitation showed that neither for these catalysts did the 
presence of steam in the feed have an effect on the C^"*" 
selectivity., Experiments vising Co/Zr/Si0 2 catalysts prepared by 
impregnation and/or kneadi n g and using feeds of various steam 
contents showed that significant enhancement of the 
15 selectivity of these catalysts can only be achieved when the 

quantity of steam is at least 10 and at most 40 %v, calculated on 
the Hj/GO/^O mixture. The use of feeds with lower or higher 
steam contents (e.g. 5 or 50 %v) yields an insufficient increase 
of the selectivity. When feeds with very high steam 
20 contents (e.g. 60 %v) are used, the C_ + selectivity will be 
even lower than in steam-free operations. 

Attempts at utilizing the afore^mentioned find for raising 
the selectivity of the closely related iron catalysts have 
remained unsuccessful. Experiments using promoted Fe/Si0 2 
25 catalysts prepared by iirpregnation have shown that the use both of 
feeds with low steam contents (e.g. 5 %v) and of feeds with higher 
steam contents (e.g. 30 %v) results in a very severe drop of 
C 3 selectivity. Furthermore, contrary to what is seen for the 
cobalt catalysts, the presence of steam in the feed has quite an 
adverse effect on the activity of the iron catalysts. 

The present patent application therefore relates to a process 
for the preparation of hydrocarbons by catalytic reaction of 
carbon monoxide with hydrogen, in which a feed which contains 
hydrogen, carb on monoxide and steam and in which the quantity of 
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steam present is 10-40 %v, calculated on the Hj/CO/HjO 
mixture, is contacted at elevated tenperature and pressure with a 
catalyst %ahich comprises 5-40 ptow cobalt and 0 o 1-150 ptow of a 
promoter chosen from the group formed by zirconium, titanim or 
5 chromium per 100 pbw of silica and uhich has been prepared by 
depositing cobalt and the premier on a silica carrier by 
impregnation and/or kneading and calcining and reducing the 
composition obtained* 

The catalysts used in the process according to the invention 
10 nay be prepared either exclusively by impregnation, car exclusively 
by kneading, or by a ccsribinatim of kneading and impregnation*. 

If the preparation of the catalysts is carried out 
exclusively by impregnation, both co-impregnation and separate 
impregnation are eligible*, With co-impregnat.i on the silica carrier . 
15 is contacted once or several times with a Co asrpound and a Zr, Ti 
or Cr corcpoundo With separate impregnation optionally either first 
the Co and, after cal cina tion of the composition, the Zr, Ti or Cr 
or first the Zr, Ti or Cr and, after calcination of the composi- 
tion, the Co say be deposited on the silica carrier 0 Both the 
20 deposition of the Co and the deposition of the Zr, Ti or Cr nay be 
carried cot in one or more stepso After the last impregnation step 
of the co-impregnation the netal-ccsxtaining ocoxpositicni should be 
calcinedo If the catalyst preparation is carried out by separate 
impregnation, the metal-conta i m ng con^ositian should be calcined 
25 both after the last impregnation step in "which the cobalt has been 
deposited on the silica and after the last impregnation step in 
rahich the promoter has been deposited on the silica,, If the co-im- 
pregnation or the separate impregnation are carried out in more 
than one step, the inetal-^xantainirg composition obtained is 
30 preferably calcined after each impregnation step,. 

In the p reparatio n of catalysts by a combination of kneading 
and inpregnation first cobalt is deposited on the carrier by 
Kneading, and then the promoter by" impregnation* After calcination 
of the paste the conposition obtained is impregnated with a 
35 ccstpcund of the promoter and calcined again. 
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If the preparation of the catalysts is carried out exclusi- 
vely by kneading the starting material nay very suitably be a 
mixture which, in addition to silica, a liquid and a Co corpound, 
contains a Zr, Ti or Cr carpoundo 
5 Hie airount of liquid which may be used in the preparation of 

catalysts by impregnation may vary within wide limits* The im- 
pregnation is preferably carried out as what is called a m dry 
iitpregnatian" , which means that a quantity of liquid is applied, 
the volume of which substantially corresponds with the pore volume 

10 of the carrier- Hie amount of liquid which may be used in the 
preparation of catalysts by kneading may also vary within wide 
limitSo Amounts of liquid which are smaller, equal to or larger 
than the pore volume of the carrier cane into consideration , 
provided that during kneading such an amount of liquid is present 

15 that under the influence of the intensive mechanical treatment the 
carrier mat erial , together with the metal confound, can yield a 
exposition with the de s i r ed paste-like consistency • A possible 
excess of liqoi.d may be removed from, the corrposition by 
evaporation before or during kneading 0 Preferably the quantity of 

20 liquid used in the kneading has a volume which corresponds to 
110-190 % of the pore volume of the carrier material 0 

In the deposition of a metal by inpregnatian as well as in 
the deposition of a metal by kneading, the carrier material is 
first of all contacted with a compound of the metal concerned in 

25 the presence of a liquid*, As metal cxanpounds both organic. and 
inorganic compounds are eligible. As liquids both organic and 
inorganic liquids may be appliedo In the catalyst preparation by 
impregnation as well as in the catalyst preparation by kneading 
preference is given to contacting the porous carrier with a 

30 solution of the metal compound concerned in a solvent. Exarrples of 
suitable aqueous solutions of zirconium ccnpounds are solutions of 
zirconium nitrate or of zirconium chloride in water 0 
Examples of suitable non-aqueous solutions of zirconium and 
titanium cxnpounds are solutions of zirconium tetrapiropaxide in a 
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mixture of benzene and propanol and solutions of tetraiscprcpyl 
orthotitanate in a mixture of isopropanol and acetyl acetone. For 
the deposition of cobalt on the carrier preference is given to the 
use of a solution of an inorganic cobalt compound in water,, Cobalt 
confounds suitable for the purpose are cobalt nitrate, cobalt 
carbonate, cobalt chloride and cobalt sulphate <> 

The calcination (s) to be carried out in the present catalyst 
preparations is (are) preferably carried oat at a tens^erature 
between 350 and 700 °C after the last calcination the Co and Zr, 
Ti or Cr-ccmtaining composition should be reduced- Tliis reduction 
is preferably carried out at a tenperature between 200 and 350 °C- 

The quantities of promoter present can the catalysts is more 
than 0ol pbw per 100 pbw silica*, Depending on the method of 
preparation chosen,, the catalysts may contain up to 150 pbw par- 
100 pbtf silica. If the catalyst preparation is carried oat by 
separate inpregnation" in uhich first the promoter and thai the 
cobalt is deposited on the silica, preference is given to the use 
of catalysts containing 2-100 and in particular 2-20 pb# promoter 
per 100 pbtf silica., If the catalyst preparation is carried out fcy 
co-iirpregration, by separate iirpregmtion in sahich first the 
cobalt and then the promoter is deposits an the silica, by 
kneading or by a ccnbination of kneading and impregnation, 
preference is given to catalysts cxintaining Od-5 and in 
particular 0o25-2 pbw, promoter per 100 pbw silica o 

In the process according to the invention preference is given 
to the use of catalysts vjhich have been prepared either by 
separate inpregnatian in which first the promoter and then the 
cobalt is deposited an the silica, or by kne ad i n g or a oonbination 
of kneading and iitpregnationo As regards the piuuoLer present on 
the catalysts, preference is given to the use of zirporiivHn., 

The process according to the invention is preferably carried 
out at a teoperatore of 125-350 °C and in particular of 175-275 °C 
and a pressure of 5-150 bar and in particular of 10-100 bar« In 
the process according to the invention the starting material is a 
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E^, CO and H 2 <><33n1vi j ning feed which preferably has a I^/CO 
molar ratio higher than 1 0 75 0 

The process according to . the invention nay very suitably be 
carried out as an independent process in which a and 00- 
5 containing feed, after the addition of steam, is converted in one 
step into a hydrocarbon mixture* A very suitable feed may in this 
case be produced by the addition of steam to a H^CO mixture 
obtai ne d by gasification of a caibon-amtaining material such as 
coalo 

10 The process according to the invention may also very sui tab ly 

be carried out as part of a multi-step process for the conversion 
of a Hj and CX>-cantaining feedo This case offers three options, 
vizo 

A) The process is used as second step in two two-step processes <, 

15 B) The process is used as the first step of a two-step process. 
C) A canibination of the processes mentioned under A) and B) , with 
the process according to the invention being used as second step 
in two three-step processes o 

Each one of these multi-step processes will be further 

20 explained hereinafter 0 

In the processes mentioned under A) two embodiments may be 
distinguished, depending on whether the first step is intended for 
the preparation of a Hj/CO mixture with the desired steam 
content by catalytic conversion of light hydrocarbons (entoodiment 

25 Al) or whether the first step is intended for the preparation of 
hydrocarbons and/or axygen-conta ining organic ccsctpounds by 
catalytic conversion of a E^/CO mixture (embodiment A2) . 

The process mentioned under Al) bears upon the fact that a 
very attractive methode of preparing H^/Co mixtures consists in 

30 steam reforming light hydrocarbons, such as methane. In this 

method the light hydrocarbons together with steam are contacted at 
high rsqperfc^re and pressure wxih a catalyst . Catalysts often 
used for the purpose are nictel-asntaining catalysts,, It is corancn 
practice in crzer to protect the catalysts from excessive coke 
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deposition to carry out this reaction in the presence of an excess 
of steam, viz 0 considerably more steam than stoichicraetrically 
required for the chemical conversion of the hydrocarbons into a 
Hj/OO mixture o The excess to be used of steam which will ulti- 
5 mately find its way into the ready Hj/CO mixture may vary within 
wide limits o A correct choice of the excess of steam used in the 
first step will result in the production of a Hj/OO mixture 
which contains the required quantity of steam, so that without any 
further addition of steam this Hj/CO/H^O mixture can be used 
10 as the feed for the process according to the invention when used 
as second stepo 

In the process mentioned under A2) a H^CO mixture is 
contacted in the first step with a catalyst containing one or mare 
metal components having catalytic activity for the conversion of a 
15 Hj/OD mixture into hydrocarbons and/or QD^gen^ntaiiiing organic 
compounds, and unconverted hydrogen and carbon monoxide present in 
the reaction product of the first step - together with other , 
cGnpcnents of that reaction product, if desired - after the 
addition of steam, are used as the feed for the process according 
20 to the invention o Depending on the nature of the catalyst chosen 
in the first step either substantially aromatic hydrocarbons, or 
substantially paraffinic hydrocarbons, or substantially axygen- 
cantaining compounds may be prepared in this step* If it is the 
object in the first step to prepare substantially aromatic hydrp- 
25 carbons y then use nay quite suitably be node of a catalyst mixture 
containing either a methanol or dimethyl ether synthesis catalyst 
or a Fe/Mg/Al^ or Fe/Cr/Si0 2 catalyst prepared by im- 
pregnation together with a crystalline metal silicate which is 
characterized in that after one hour's calcination in air at 
30 500 °C it has the following properties* 

a) an X-ray powder diffraction pattern in which the strongest 
lines are the lines mentioned in Table A 
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TABLE A 



d(A) 



11.1 ± 0.2 
10.0 ± 0.2 

3.84 ± 0.07 

3.72 ± 0.06, and 

b) in the formula which represents the coqposition of the 

silicate expressed in moles of the oxides and in \*hich, in 
addition to SiD 2 , one or more oxides of a trivalent metal 
M, chosen from the group formed by aluminium, iron, gallium, 
5 rhodium, chromium and scandium are present, the 

SiOj/M^ molar ratio is higher than 10. 

If it is the object in the first step of the two-step process 
mentioned under A2) to prepare substantially paraffinic hydro- 
carbons then use may very suitably be made of the above-mentioned 

10 Ite/Mg/Al^ or Fe/Cr/Si0 2 catalysts prepared by impregnation. 

If the first step of the two-step process mentioned under A2) is 
carried out with the object of preparing oxygen-containing organic 
ccnpounds, then use may very suitably be made of a nethanol or 
dimethyl ether synthesis catalyst. Methanol synthesis catalysts 

15 suitable for use in the first step of the two-step process 
mentioned under A2) are ZnO/Cr 2 0 3 and Cu/ZnO/Cr 2 0 3 
catalysts. A dimethyl ether synthesis catalyst suitable for use in 
the first step of the two-step process mentioned under A2) is a 
mixture of ganma-Al^ and the Cu/ZnO/Cr 2 0 3 methanol 

20 synthesis catalyst mentioned hereinbefore. 

In the two-step process mentioned under B) as well as in the 
three-step processes mentioned under C) the fact is utilized that 
the high-bciling part of the product obtained in the process 
according to the invention can be converted in a high yield into 

25 middle distillates vising a catalytic hydrotreatment. In the 
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present patent application the term "middle distillates" is used 
to designate hydrocarbon mixtures whose boiling range corresponds 
substantially with that of the kerosine and gas oil fractions 
obtained in the conventional atmospheric distillation of crude 
mineral oilo Said distillation is used to separate from crude 
mineral oil one or more gasoline fractions having a boiling range 
between 30 and 200 °C„ one or more kerosine fractions having a 
boiling range between 140 and 300 °C and one or more gas oil 
fractions having a boiling range between 180 and 370 °C„ 
successively o 

She two-step process mentioned under B) comprises carrying 
out the process according to the invention as the first step, 
followed by a catalytic hydrotreatmant as the second step<> The 
three-step processes mentioned under C) comprise carrying out the 
two-step processes mentioned under Al) and A2) 9 with the process 
according to the invention forming the second steps followed by a 
catalytic hydrotreatmant as the third stepo The feed chosen for 
the catalytic hydrotreatmant is at least the part of the reaction 
product of the process according to the invention **ose initial 
boiling point lies above the final boiling point of the heaviest 
middle distillate desired as final product,, Iha hydrotreatmant 
which is characterized by a very low hydrogen consumption yields 
middle distillates with a considerably lower pour point than that 
, of those obtained in the direct Fisc&er^^Trqpsch conversion of a 
Hj/CO mixture have<, Catalysts very suitable for carrying out the 
catalytic hydrotreatmant are those containing one or more noble 
metals of Group VXH supported on a carrier, and particularly 
suitable is a catalyst containing platinum s u pported on a carrier 
13-15 %w of which consists of alumina, the rest of silica 0 
The invention is now illustrated with the aid of the 
following example,, 
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EXAMPLE 

Eight catalysts (catalysts 1-8) were prepared. Catalyst 1 
contained 25 pbw iron, 1.25 pbw copper and 2 pbw potassium per 100 
pbw silica. Catalyst 2 contained 25 ptw cobalt per 100 pbw silica. 
5 Catalysts 3-7, in addition to 25 pbw cobalt per 100 pbw silica, 
contained varying quantities of zirconium. Catalyst 8 contained 25 
pbw cobalt and 0.9 pbw titanium per 100 pbw silica. All the 
catalysts were prepared starting from the sane silica carrier. All 
the impregnations were carried out as dry impregnations. After 

10 each impregnation step the compositions obtained were dried at 120 
°C and calcined in air at 500 °C. After the last calcination step 
the conpositioais were reduced in hydrogen; catalyst 1 at 280 °C 
and the other catalysts at 250 °C. Further information concerning 
the preparation of the catalysts is given hereinafter. 

15 Catalyst 1 

One-step irrpregnation of the silica carrier with an aqueous 
solution c^taining both iron nitrate, copper nitrate and 
potassium nitrate. 
Catalyst 2 

20 K nead i n g of a mixture conprising the silica carrier, water 

and cobalt nitrate. The mixture contained a quantity of water 
corresponding with 150 %v of the pore volume of the carrier. After 
3.5 hours of kneading the kneaded mass was dried at 120 °C and 
calcined in air at 500 °C. 

25 Catalyst 3 

A boiling solution of cobalt nitrate in water was added with 
stirring to a boiling solution of soda in water. Then, to the 
mixture thus obtained soda and the silica carrier were added in 
succession. After filtration of the mixture the filter cake was 
30 washed, dried .at 120 °C and calcined in air at 500 °C. The 

composition thus obtained was impregnated in one step with an 
aqueous solution of zirconium nitrate. Catalyst 3 contained 0.9 
pbw zirconium per 100 pbw silica". 
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Catalyst 4 

Impregnation of the silica carrier first in one step with an 
aqueous solution of cobalt nitrate and then in one step with an 
aqueous solution of zirconium nitrate. Catalyst 4 contained 0.9 
5 pbw zirconium per 100 pbw silica. 
Catalyst 5 

The Co/Si0 2 composition the preparation of which has been 
described under catalyst 2 was iirpregnated in one step with an 
aqueous solution of zirconium nitrate. Catalyst 5 contained 0.9 

10 pbw zirconium per 100 pbw silica. 
Catalyst 6 and 7 

One-step or mxLti-step iinpregnation of the silica carrier 
with a solution of zirconium tetrapropaxide in a mixture of 
prupanol and benzene, followed by iitpregmtion in one-step with an 

15 aqueous solution of cobalt nitrate. In the preparation of 

catalysts 6 and 7 the iirpregnatim of the silica carrier with the 

zirconium tetraprcpo x ide solution was carried out in one and three 

steps, respectively. Per 100 pbw silica catalysts 6 and 7 

contained 6 and 18 pbw zirconium, respectively. i 

20 Catalyst 8 

Impregnation of the silica carrier, first in one step with a 
solution of tetraisopropyl orthotitanate in a mixture of 
isopropanol and acetyl acetone and then in one step with an 
aqueous solution of cobalt nitrate. Catalyst 8 contained 0.9 pbw 
25 titanium per 100 pbw silica. 

The cobalt loads and surface areas of the catalysts 4-8 are 
given in Table B. 

Of the above-described catalysts 1-8 only catalysts 4-8 are 
suitable to be used in the process according to the invention. Ihe 
30 other catalysts fall outside the scope of the invention. They have 
been included in the patent application for comparison. 

Catalysts 1-8 were used in thirty experiments (Experinertts 
1-30) in the preparation of hydrocarbons from mixtures of carbon 
monoxide and hydrogen. The experiments were carried out in a 50 ml 
35 reactor cxintaining a fixed catalyst bed of 7.5 ml volume. 
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The conditions under which the experiments were carried out 
and the results of the experiments are listed in Table Co 

Of the experiments mentioned in Table C Experiments 10, 11, 
15, 16, 20, 22, 24, 26, 28 and 30 are experiments according to the 
5 inventiono In these experiments the Zr or Ti-pramoted Co/Si0 2 
catalysts which had been prepared by depositing cobalt and the 
promoter on the silica carrier by impregnation and/or kneading, 
were used for the production of hydrocarbons from Hj/CO mixtures 
containing 20-33 %v of steam, calculated on the i^/GO/^O 

10 mixture,, In these experiments relative selectivity gains were 

obtained of 17-31 So The other experiments fall outside the scope 
of the invention- Hiey have been included in the patent appli- 
cation for conpariscaio In Experiments 1-3 an iron catalyst was 
used? in Experiments 4-6 - an unpromoted cobalt catalyst was used? 

15 in Experiments 7 and 8 a cobalt catalyst prepared substan tially by 
precipitation was used Q In Experiments 9, 12, 13, 19 , 21, 23 , 25, 
27 and 29 the feed used was a Hj/GO mixture to which no steam 
had been added 0 In Experiments 14 and 17 the feed used was a 
H^GO mixture containing too little and too much steam, 

20 respectively o In these experiments no significant relative 

selectivity gain was obtained,, In Experiment 18 the amount of 
steam was far too large, which resulted in a drop of Gj* 
selectivity.* 

Catalytic hydrotreatment 

25 An Experiment 31 was carried out in which the 

fraction of the product obtained according to Experiment 26 was 
passed together with hydrogen through a 50-snl reactor containing a 
fixed catalyst bed, at a temperature of 345 °C, a pressure of 130 
bar, a space velocity of 1»25 lol'^oiT 1 and a hydrogen/oil 

30 ratio of 2000 Ni.l" 1 ,, Tfce catalyst was a Pt/SiC^-AljOg 

catalyst containing 0 o 82 parts by weight platinum per 100 pfe&J of 
carrier, which carrier consisted of 14 0 6 % by weight of alumina 
and 85o4 % by weight of silicao The results of Experiment 31 are 
given in Table Do 
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From the results given in Table D it appears that when a 
catalytic hydrotreatmant is applied to a product prepared 
according to the invention, a considerable part of the 400 °C 
fraction is converted (a decrease from 44 to 16 %w) and a 
5 considerable quantity of 150-360 °C fraction is formed (an 
increase fran 36 to 58 %w) , whereas only very little 150 °C~ 
fraction is formed (an increase from 12 to 17 %w) . 



TABLE B 



Catalyst No. 


4 


5 


6 


7 


8 


Ccbalt load, mg cobalt 
per ml catalyst 


115 


130 


105 


105 


118 



Surface area, 22 15 30 28 21 

2 

m per ml catalyst 



4 




L 
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TABLE D 
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Catposition, 



%w 



C 5 -150 °C 
150-250 °C 
250-360 °C 
360-400 °C 
400 °C + 



product of 
Experiment 26 



16 
10 
13 
17 
7 
37 



Cg fraction 
of the Cy* 
pr oduc t of 

Experiment 26 



12 
16 
20 
8 
44 



product 
after the 
catalytic 
hydro treatment 

2 
15 
25 
33 

9 
16 
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CLAIMS 

lo A process for the preparation of hydrocarbons by catalytic 
reaction of carbon monoxide with hydrogen, characterized in that a 
feed Tahich ccng>rises hydrogen, carbon xnonoxide and steam and in 
^lich the quantity of steam present is 10-40 %v calculated on the 

5 H^GO/HjO mteture, is contacted at elevate temperature and 
pressure ttfith a catalyst ^hich c ompr ises 5-40 pbw odbalt and 
0o 1-150 pbw of a pr omoter chosen from the group farmed by 
zireanhm? titanitsn or chromium per 100 pbw silica and has been 
prepare by depositing cobalt and the promoter on a silica carrier 

10 by integration and/or kneading and calcining and reducing the 
ccxttposition obtained*, . 

2c Process as claimed in claim 1, characterized in that the 
catalyst comprises zirconium as a promoter « 

3o A process as claimed in claim 1 or 2, characterized in that 
15 it is carried out at a temperature of 125-350 °C and a pressure of 
5-150 bar- * 

4c A process as claimed in any one of claims 1-3, characterized 
in that it is used as part of a multi-step process for the 
conversion of a and OOKxmtaining feedo 

20 5o A process as claimed in claim 4, characterized in that it is 
used as the second step of a two-step process in which light 
hydrocarbons, together with an excess of steam, are subjected in 
the first step to catalytic steam reforming and in which the 
H^/GO/H^O mixture thus obtained is used as the feed for the 

25 second step*, 

So A process as claimed in claim 4, characterized in that it is 
used as the second step of a two-step process in which a H^/OO 
mixture is contacted in the first step with a catalyst cosrsprising 
one or more metal asmporaents with catalytic activity for 

30 concerting a Hj/CO mixture into l$?drocarbons and/or os^gen- 

containing organic coirpaunds and in which unconverted and 00 



t ft* 
• ' r 9 

0109702 
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present in the reaction product, of the first step - together with 
other corpanents of that reaction product, if desired - after the 
addition of steam, are used as the feed for the second step. 

7. A process as claimed in claim 4, characterized in that it is 
5 used as the first step of a two-step process for preparing middle 

distillates from a BL^ and CX><xjnt^ining feed, in which at least 
the part of the reaction product of the first step whose initial 
boiling point lies above the final boiling point of the heaviest 
middle distillate desired as end-product is subjected in the 
10 second step to a catalytic hydrotreatment. 

8. A process as claimed in claim 4, characterized in that it is 
vised as the second step of a three-step process for preparing, 
inter alia, middle distillates from a and Oa-^xxrtaiiiing feed, 
in which the catalytic hydrotreatment mentioned in claim 7 is the 

15 third step applied to relevant heavy fraction of the reaction 
product of the second step of the two-step process mentioned in 
claims 5 and 6. 

9. A process for the preparation of hydrocarbons by catalytic 
reaction of carbon monoxide with hydrogen as claimed in claim 1, 

20 substantially as described hereinbefore and in particular with 
reference to the exanple. 

10. Hydrocarbons whenever prepared according to a process as 
described in claim 9. 
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